Molecular cloning and functional characterization of crustapain: a distinct cysteine proteinase with unique substrate specificity from northern shrimp Pandalus borealis.
A cDNA clone encoding a cysteine proteinase of the papain superfamily has been isolated from the hepatopancreas of northern shrimp Pandalus borealis (NsCys). NsCys shares the highest identity of 64% with a cathepsin L-like cysteine proteinase from lobster, and its identity to the well-characterized mammalian cathepsins S, L, and K falls within a narrow range of 54-59%. However, it differs from each of these cathepsins in certain key residues including, for example, the unique occurrence of tryptophan and cysteine residues at the structurally important S2 subsite. Consequently, NsCys produced in Pichia pastoris appears to be distinct in various physicokinetic properties. The recombinant enzyme is active and stable over a wide range of pH values, and its substrate specificity is unusual, as demonstrated by its poor affinity for phenylalanine residues. Instead, it shows the highest specificity for proline residues, a property similar to cathepsin K. Unlike cathepsin K, however, NsCys cleaves valine residues more efficiently than leucine. Similar results were obtained with the natural peptide substrate glucagon. The shrimp proteinase is further distinguished by its potent collagenolytic activity, resulting in a cleavage pattern reminiscent of bacterial collagenase. To distinguish such unique structural and enzymatic properties, we propose the trivial name "crustapain" for the shrimp proteinase, indicating that it is a papain-like cysteine proteinase from a crustacean species.